IMAGE FORMING DEVICE AND IMAGE FORMING METHOD 



BACKGROUND OF THE INVENTION 
The present invention relates to an image forming device 
5 and an image forming method. More particularly, the present 

invention relates to an image forming device and an image 
forming method by which image data are transferred to a re- 
cording engine after the image data having been compressed and 
decompressed . 

10 In laser printers, the laser beam modulated based on the 

image data is made to irradiate a polygon mirror that is 
driven to rotate at constant rate and the laser beam reflected 
from the polygon mirror is made to raster- scan a photosensi- 
tive body to form an electrostatic latent image on the photo - 

15 sensitive body. Therefore, it is necessary to supply image 

data that correspond to a raster to the laser scanner unit (to 
be referred to simply as "laser unit" hereinafter) disposed in 
the laser engine, that is a recording engine of the laser 
printer, in synchronism with the rotary motion of the polygon 

20 mirror that is rotated at a rate determined as a function of 

the printing speed (the number of sheets printed in a unit 
time) and the resolution (the number of dots printed on a unit 
length) within a predetermined period of time (printing time 
for a raster) . 

25 In recent years, the amount of data that needs to be 
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supplied to the laser unit within a unit time has been re- 
markably increased for the purpose of realizing color printing 
and high speed printing. However, it is not possible to 
transfer the image data stored in the RAM (memory) to some 
5 other part at a sufficiently high rate because of the restric- 

tions imposed on the bus width and the bus cycle of the RAM 
arranged on the main substrate of the laser printer, which is 
adapted to receive printing data (original data) from the host 
computer, convert them into image data and subsequently supply 

10 them to the laser unit. Therefore, unless the RAM is replaced 

by some other one that affords a greater bus width and a 
shorter bus cycle and hence is more costly, it is no longer 
possible to supply image data by the amount required for the 
laser unit from the main substrate to the laser unit within 

15 the time for printing a raster. Then, the laser printer can 

become overloaded. To avoid this problem, there has been pro- 
posed a technique with which the image data are compressed be- 
fore they are stored in the RAM and transferred to some other 
part (e.g., ASIC (application specific integrated circuit) and 

20 subsequently the compressed image data are decompressed (ex- 

panded) so that the decompressed image data are supplied to 
the laser unit. 

Japanese Patent Application Laid-Open Publication No. 
10-16322 discloses such a technique. According to the publica- 

25 tion, image data are converted into intermediate data that can 
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be used to form an image on a band by band basis. When the 
processing time period necessary for forming the image and es- 
timated from the intermediate data is greater than a predeter- 
mined period of time, the image data of a page (bit map data) 
5 obtained from the intermediate data are compressed and then 

stored in a RAM so that the image can be formed from the 
stored image data while the data are being expanded. On the 
other hand, if the processing time period necessary for form- 
ing the image and estimated from the intermediate data is 

10 smaller than the predetermined period of time, the image is 

formed from the intermediate data while the data are being 
converted into image data on a band by band basis. 

According to the printing process described in the pub- 
lication, the image data obtained from intermediate data are 

15 always compressed regardless of the properties and quantities 

of the image data, if the processing time period necessary for 
forming the image and estimated from the intermediate data is 
greater than the predetermined period of time. However, the 
data volume that can be reduced by compression depends on the 

20 original data volume. For instance, the data volume of a long 

raster in the image data can be reduced by a relatively large 
amount. On the other hand, the amount of data that can be re- 
duced for a short raster in the image data by compression is 
relatively small and, in some cases, the data volume may con- 

25 versely be increased because a coding table must be formed as 
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a result of data compression- If such is the case, data 
compression does not provide any advantage because CPU 
requires time period for data compressing operation. Thus, 
time period allotted for other processing may be decreased. 
5 Consequently, processing speed of the printer is 

disadvantageously reduced as a whole. 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to 
provide an image forming device and an image forming method 

10 capable of effectively suppressing the possible reduction in 

the processing speed of the device irrespective of the execu- 
tion of data compression. 

This and other object of the invention will be attained 
by an image forming device including image data generation 

15 means, compression determining means, compression means, mem- 

ory means, decompressing means, a printing engine, and trans- 
fer means . The image data generation means generates image 
data from original data. The compression determining means 
determines whether or not the image data generated by the im- 

20 age data generating means is to be compressed. The compression 

means compresses at least a part of the image data required to 
be compressed as determined by the compression determining 
means among the image data generated by the image data genera- 
tion means. The memory means stores a remaining part of the 

25 image data remained non- compressed as determined by the com- 
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pression determining means and the part of the image data com- 
pressed by the compression means. The decompressing means de- 
compresses the part of the image data compressed by the com- 
pression means and stored in the memory means. The printing 
5 engine forms an image on an image recording medium based on 

the image data. The transfer means transfers the non- 
compressed image data stored in the memory means and the de- 
compressed image data decompressed by the decompressing means 
to the printing engine. The compression determining means de- 
10 termines the necessity of data compression on a basis of the 

image data and a data transferring performance from the memory 
means to the transfer means. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings; 

15 FIG. 1 is a schematic illustration showing a laser 

printer as an image forming device according to a first em- 
bodiment of the present invention; 

FIG. 2 is a schematic block diagram of the laser printer 
of FIG. 1; 

20 FIG. 3 is a schematic block diagram of a main substrate 

shown in FIG. 2; 

FIG. 4 is a schematic block diagram for description of 
image processing operation executed in ASIC in the main sub- 
strate; 

25 FIG. 5 is a flow chart for description of operation of 
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the laser printer of FIG. 1; and 

FIG. 6 is a flow chart for description of operation of a 
laser printer according to a second embodiment of the present 
invention. 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An image forming device according to a first embodiment 
of the present invention will be described with reference to 
FIGS. 1 through 5. 

FIG. 1 is a schematic illustration of a color laser 

10 printer according to the first embodiment. The color laser 

printer 1 shown in FIG. 1 is of the so-called "tandem type", 
in which four laser engines are arranged in series. More spe- 
cifically, four photosensitive drums 2, 3, 4 and 5 provided 
respectively for four different colors of black (K) , yellow 

15 (Y) , magenta (M) and cyan (C) are arranged along the convey- 

ance route of sheets of paper 7, or recording mediums, that 
are conveyed on conveyor belt (conveyance section) 6. A laser 
unit (exposure section) 8 is arranged on each of the four pho- 
tosensitive drums 2, 3, 4 and 5. Each of the laser units 8 is 

20 adapted to emit a laser beam for forming a pattern that is a 

reversal of the pattern of the image data of the related color, 
which may be K, Y, M or C, modulating the intensity of light. 
Developing units (developing sections) 9, 10, 11 and 12 for 
containing respective toners of K, Y, M and C are also ar- 

25 ranged on the respective photosensitive drums 2, 3, 4 and 5. 
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Toners are applied from the developing units 9, 10, 11 and 12 
to the respective photosensitive drums 2, 3, 4, 5 through re- 
spective developing rollers 13 arranged under the developing 
units . 

5 A fixing unit 14 is disposed at a position downstream of 

the plurality of laser units 2 through 5. The fixing unit 14 
includes a heating roller 14c , a pressure roller 14d and a 
halogen heater lamp 14a disposed in the heating roller 14c. 

Each of the photosensitive drums 2, 3, 4 and 5 is elec- 

10 trically charged in advance by means of a high voltage source 

31 (see FIG. 2) and exposed to the laser beam that is emitted 
from the corresponding laser unit 8 and whose intensity is ap- 
propriately modulated. The image data supplied to the laser 
unit 8 are generated as raster data, when the original print - 

15 ing data supplied from the host computer, which will be de- 

scribed hereinafter, are processed by the CPU 41 (see FIG. 3) 
in the main substrate 22 (see FIG. 2). The laser units 8 may 
be replaced by LED arrays. 

As the photosensitive drums 2, 3, 4 and 5 are irradiated 

20 with the respective laser beams, the surface areas of the pho- 

tosensitive drums 2, 3, 4 and 5 that are exposed to a laser 
beam are de- electrified so that desired electrostatic latent 
images are formed respectively on the photosensitive drums 2, 
3, 4 and 5. The surface areas of the photosensitive drums 2, 

25 3,4 and 5 that are irradiated with the respective laser beams 
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electrostatically adsorb respective toners of the correspond- 
ing colors as they are supplied from the respective developing 
units 9, 10, 11 and 12. The toners of the different colors 
adsorbed to the respective photosensitive drums 2, 3, 4 and 5 
5 are sequentially transferred onto a sheet of paper 7 in the 

order of C, M, Y and K as the sheet of paper 7 is conveyed on 
the conveyor belt 6 because these toners are subjected to 
electrostatic force that is directed to the conveyor belt 6. 

Thereafter, the sheet of paper 7 onto which the toners 

10 of the four colors of C, M, Y and K have been transferred in 

an overlapping manner is led into the fixing unit 14. In the 
fixing unit 14 , the toners are molten at high temperature by 
means of the halogen heater lamp 14a and the toner image is 
fixed to the sheet of paper 7 as the latter is pinched and 

15 pressed between the heating roller 14c and the pressure roller 

14d. 

Thus, color printing is realized as image data of four 
colors of K, Y, M and C are used in the laser printer 1 of 
this embodiment. Additionally, since the laser printer 1 is 

20 of the tandem type, in which four photosensitive drums 2, 3, 4 

and 5 are arranged in series along the conveyance route of the 
sheet of paper 7, print images can be formed at high speed in 
comparison with a laser printer of the type having only a sin- 
gle photosensitive drum. 

25 Now, the laser printer 1 of this embodiment will be de- 
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scribed further by referring to the block diagram of FIG. 2. 
As shown in FIG, 2, the laser printer 1 includes a main sub- 
strate 22 and an engine substrate 23. The main substrate 22 is 
adapted to convert printing data into image data and output 
5 the latter to the laser units 8, while generating various in- 

structions to the engine substrate 23. The engine substrate 
23 is adapted to control various components of the laser 
printer 1 including the laser units 8 according to the in- 
structions issued from the main substrate 22. DC voltage is 

10 applied to the main substrate 22 and also to the engine sub- 

strate 23 from a low voltage source 25 that is connected to an 
AC power source by way of a power supply plug 25a when the 
switch 25b of the low voltage source 25 is turned on. The low 
voltage source 25 also applies AC voltage to the halogen 

15 heater lamp 14a in the fixing unit 14 when its switch 25b is 

turned on. 

The main substrate 22 is provided with a parallel inter- 
face (I/F) 22a for connecting to the host computer (not shown). 
Thus, the main substrate 22 receives printing data expressed 

20 in a page describing language from the host computer by way of 

the parallel I/F 22a and develops the received printing data 
into intermediate codes and then further into image data of a 
raster data format for each of the four colors of C, M, Y and 
K. For example, the main substrate 22 develops the received 

25 printing data into intermediate codes and then further into 
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image data on a page by page basis. The obtained image data 
of each of the four colors are supplied to a laser beam source 
16 arranged in the laser unit 8 of that color. Note that only 
one of the four laser units 8 is shown in FIG. 2 for the pur- 
pose of simplicity. It may alternatively be so arranged that 
the laser printer 1 includes only a single laser unit 8 that 
is adapted to emit laser beams to the respective photosensi- 
tive drums 2, 3, 4 and 5. 

A semiconductor laser is employed as the laser beam 
source that emits a laser beam whose intensity is modulated 
according to the image data applied from the main substrate 22. 
Alternatively, a solid laser and an intensity modulating ele- 
ment is available as the laser beam source 16 in place of the 
semiconductor laser. The modulated laser beam emitted from 
the laser source 16 is reflected by a polygon mirror (not 
shown) that is driven to rotate at a constant rate by a poly- 
gon motor 17 and then made to pass through an f 6 lens (not 
shown) so as to convert a constant angular velocity movement 
(not shown) in order to convert constant angular velocity 
movement into a constant linear velocity movement before the 
laser beam is irradiated onto the corresponding one of the 
photosensitive drums 2, 3, 4 and 5 for raster- scanning. 
Therefore, the laser unit 8 needs to be supplied with image 
data from the main substrate 22 in synchronism with the rotary 
motion of the polygon mirror in such a way that one of the 
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sides of the polygon mirror corresponds to a raster of the im- 
age data. In this way, electrostatic latent images of the 
four colors are formed respectively on the photosensitive 
drums 2, 3, 4 and 5 for the desired image to be obtained. 
5 The engine substrate 23 is connected to the fixing unit 

14 and to the laser units 8 as well as to a fan motor 27, a 
main motor 28, a solenoid 29, a high voltage source 31, and a 
panel substrate 32. The fan motor 27 is adapted for driving a 
fan to turn in order to cool the inside of the laser printer 1. 

10 The main motor 28 is adapted for conveying the sheet of paper 

7 and driving the photosensitive drums 2, 3, 4 and 5. The so- 
lenoid 29 is adapted for picking up the sheet of paper 7 . The 
high voltage source 31 is adapted for generating a high volt- 
age to be used for electrically charging the photosensitive 

15 drums 2, 3, 4 and 5. The panel substrate 32 is adapted for 

controlling the display operation of a display panel (not 
shown). Thus, the engine substrate 23 drives the polygon mo- 
tor 17, the fan motor 27, the main motor 28, the solenoid 29 
and the high voltage source 31 at respective appropriate tim- 

20 ings according to the instructions received from the main sub- 

strate 22 and transmits control signals to the panel substrate 
32 at appropriate timings. Additionally, the engine substrate 
23 receives signals from a thermistor 14b that measures the 
temperature of the halogen heater lamp 14a arranged in the 

25 fixing unit 14 and controls the low voltage source 25 in such 
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a way that the halogen heater lamp 14a is held to a constant 
temperature level . 

Now, the data processing operation executed in the main 
substrate 22 of FIG. 2 will be described further by referring 
5 to FIGS. 3 and 4. FIG. 3 is a schematic block diagram showing 

the main substrate 22, and FIG. 4 is a schematic block diagram 
for description of image processing operation executed in ASIC 
42 in the main substrate 22. 

As shown in FIG. 3, CPU 41 , ASIC 42, ROM 43 and RAM 44 

10 are arranged on the main substrate 22 and connected to each 

other by way of an address bus and a data bus. The ROM 43 
stores various programs and data that are to be used for con- 
trolling the operation of the laser printer 1. The CPU 41 
performs various arithmetic operations on the basis of the 

15 programs stored in the ROM 43. More specifically, in this em- 

bodiment, the CPU 41 develops printing data into intermediate 
codes and also develops intermediate codes into image data by 
means of band processing. In other words, the CPU 41 func- 
tions as image data generating means. 

20 Further, in this embodiment, the CPU 41 determines 

whether or not the image data need to be compressed on page- 
by-page basis based on the image data per se and a reference 
value indicative of data transferring performance from the RAM 
44 to the ASIC 42. More specifically, necessity of data com- 

25 pression is determined by comparing the largest raster length 
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in each page of the image data generated by the CPU 41 and 
stored in the RAM 44 with 80% value of the largest printing 
width of the laser printer 1. In other words, the CPU 41 
functions as compression Judgment means. 

The reason for the comparison of the largest raster 
length with the 80% value of the largest printing width of the 
laser printer 1 will be described below. The amount of data 
that can be reduced by compression depends not only on the 
volume of the original data but also on the entropy of the 
original data. Here, the original data can be reduced by a 
larger amount when the entropy of the data is smaller. Thus, 
a number of techniques have been proposed to reduce the en- 
tropy of data by modeling. 

However, in the case of reversible compression, the 
original data may be reduced only by about 20% at most. Dif- 
ferently stated, the printer is required to be so designed, in 
terms of system clock speed and CPU capabilities, such that 
data having a volume equal to about 80% of the volume of the 
original data can be supplied from the main substrate to the 
laser engines within one raster printing time period. Taking 
this requirement into consideration, assuming that the printer 
possesses its performance such that the data, obtained by 
compression with the 20% data reduction rate with respect to 
the raster contained in the image data and having the largest 
printing width, can be transferred to the laser engines within 
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one raster printing time period. In such a case, the raster 
data having a raster length equal to or less than 80% of the 
largest printing width can be transferred to the printing en- 
gine within one raster printing period without undergoing com- 
pression, and it is not necessary to compress the image data. 
In other words, necessity of data compression can be made by 
comparing the raster length of the image data and a fixed ref- 
erence length that is smaller than the largest printing width 
of the printing engine. With such an arrangement, the above- 
described comparing operation can be performed quickly. 

The CPU 41 compresses only those parts of the image data 
stored in the RAM 44 that are determined to be compressed. In 
other words, the CPU 41 also functions as compression means. 

The CPU 41 compresses the image data by means of run 
length coding, prediction coding or JBIG (Joint Bi-level Image 
Experts Group) coding in the case of binary- coded images and 
by means of bit plane conversion, prediction coding, block 
sorting (BWT (Burrows -Wheeler Transform)), JPEG (Joint Photo- 
graphic Experts Group) using a non- reversible compression DCT 
(Discrete Cosine Transformation) method or wavelet conversion 
in the case of multilevel-value-coded images. In the case of 
multilevel -value -coded images, image data are compressed by 
way of a two-step process including (1) a step of modeling the 
image data, in which the image data are converted into a dif- 
ferent series of signals for the purpose of facilitating image 



14 



compression, and (2) a step of entropy coding, in which codes 
are assigned to the series of signals obtained by the conver- 
sion of (1) for reducing the code length as small as possible. 

The RAM 44 stores the outcomes of various arithmetic op- 
5 erations of the CPU 41 and those of the ASIC 42, the printing 

data transmitted from the host computer and the intermediate 
codes as well as non- compressed image data generated by the 
CPU 41 and compressed image data compressed by the CPU 41 into 
suitable memory regions. The RAM 44 functions as memory means. 

10 The ASIC 42 operates for exchanging data between the CPU 41 

and the RAM 44 and also for decompressing image data. 

Further, the CPU 41 reads the non -compressed image data 
stored in the RAM 44 and the compressed image data also stored 
in the RAM 44 with an appropriate data transfer cycle that is 

15 based on a predetermined printing speed. Among the image data 

read from the RAM 44, the compressed data are decompressed by 
the ASIC 42 and then sent to the laser units 8, whereas the 
non -compressed image data are directly sent to the laser units 
8. 

20 Furthermore, the CPU 41 generates various instructions 

in such a way that the main motor 28, the solenoid 29, the 
polygon motor 17 and so on operate respectively at appropriate 
timings. The instructions generated by the CPU 41 are sent to 
the engine substrate 23 by way of the ASIC 42. 

25 As shown in FIG. 4, the ASIC 42 includes a memory con- 
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troller 51, a compression block 52, decompressing block 53 and 
a laser unit control block 54. The memory controller 51 in- 
cludes a DMA (direct memory access) unit and controls the op- 
eration of data transfer to the CPU 41 and the host computer 
5 and, to the ROM 43, RAM 44, the compression block 52 and the 

decompressing block 53 without intervention of the CPU 41. The 
memory controller 51 determines whether or not the image data 
read from the RAM 44 are compressed image data, and outputs 
the compressed image data to the uncompressing block 53, or 
10 output the non-compressed image data to the laser unit control 

block 54 . 

The decompressing block 53 decompress (expands) the com- 
pressed image data. The image data restored as a result of 
the decompressing process are then sent to the laser unit con- 

15 trol block 54. The laser unit control block 54 serially 

transmits the image data as laser signals to the laser units 8 
in synchronism with the rotary motion of the polygon mirror in 
a manner as described above, through exchanging laser unit 
control signals with respect to the laser units 8. Thus, the 

20 laser unit control block 54 operates as transfer means. 

Next, the operation of the laser printer 1 according to 
the first embodiment will be described by referring to the 
flowchart of FIG. 5. First, in Step SI, printing data are 
transmitted from the host computer to the main substrate 22 by 

25 way of the parallel I/F 22a. Then, the printing data are 
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given to the ASIC 42 and stored in the RAM 44 by the memory 
controller 51. 

Then, in Step S2, the printing data stored in the RAM 44 
are developed into image data of a raster data format. More 
5 specifically, the CPU 41 sequentially reads the printing data 

stored in the RAM 44 and develops the printing data of a page 
into intermediate codes that are divided into a plurality of 
bands. The intermediate codes obtained by the developing op- 
eration are then sequentially stored in the RAM 44. As the 

10 intermediate codes of a page have been stored in the RAM 44, 

the CPU 41 reads the intermediate codes stored in the RAM 44 
and develops them into image data of a raster data (bit map) 
format by means of a band processing operation. For instance, 
intermediate codes are developed into multilevel -value image 

15 data (dot data) such as 8 -bit data. 

Subsequently, in Step S3, the CPU 41 determines whether 
or not the largest raster length in each page of the image 
data stored in the RAM 44 exceeds the reference value indica- 
tive of the data transfer performance (the 80% of the largest 

20 printing width). A definition on the image size of printing 

data written in a page describing language may be used for se- 
lecting the raster having the greatest raster length of each 
page. Alternatively, the raster length of each raster can be 
stored at the time of data development so as to determine the 

25 raster having the greatest raster length. 
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If determination falls the greatest raster length ex- 
ceeds the 80% value of the largest printing width (S3: NO), 
the routine proceeds to Step S4 where the entire image data of 
the page containing such greatest raster length as used for 
the judgment of Step S3 are compressed by the CPU 41, using 
the above described compression technique. Then, in Step S5, 
the compressed image data are stored in the RAM 44 as spool 
(simultaneous peripheral operation on-line) data. When, on 
the other hand, if the greatest raster length does not exceed 
the 80% value of the largest printing width as a result of 
judgment in S3 (S3: YES) , the routine skips Step S4 and moves 
to Step S5 where the non- compressed image data are stored in 
the RAM 44 as spool data. 

The CPU 41 generates a command signal for conveying the 
sheet of paper 7 at a speed that corresponds to the predeter- 
mined printing speed, and outputs the command signal to the 
engine substrate 23. At the same time, the CPU 41 outputs an 
instruction to the engine substrate 23 for driving the polygon 
motor 17 at a rotary speed that corresponds to the printing 
speed . 

Subsequently, in Step S6, when a sheet edge sensor (not 
shown) detects that the sheet of paper 7 reaches the print 
start position, the CPU 41 reads the image data stored in the 
RAM 44 on a raster by raster basis in synchronism with the ro- 
tary motion of the polygon mirror and transmit every raster 
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data into the ASIC 42. Each raster image data transmitted in 
the ASIC 42 is subjected to judgment by the memory controller 
51 as to whether the raster data are compressed image data or 
non- compressed image data. 
5 If the judgment falls that the raster data are com- 

pressed image data (S6: YES), the compressed image data are 
output to the decompressing block 53. Then, in Step S7, the 
compressed image data of one raster are decompressed by the 
decompressing block 53. Thus, the original image data are re- 

10 stored and output to the laser unit controller block 54. 

On the other hand, if the judgment falls that the raster 
data are non -compressed image data (S6: NO), the non- 
compressed image data are output from the memory controller 51 
to the laser unit control block 54 and the routine skips Step 

15 S7 and proceeds to Step S8. 

The image data given to the laser unit control block 54 
are then transferred from the laser unit control block 54 to 
each of the laser units 8 on a raster by raster basis in Step 
S8 in synchronism with the rotation of the polygon mirror. 

20 Then, in Step S9 , the laser beams whose respective intensities 

are modulated based on the image data are emitted from the la- 
ser beam source 16 so that the photosensitive drums 2, 3, 4 
and 5 are exposed to the respective laser beams to form one 
raster electrostatic latent image. At this time, if the data 

25 given to the laser unit control block 54 are multilevel-value 
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data such as 8-bit data, the pulse widths (ON times) are modi- 
fied respectively according to the multilevel -value data in 
the laser unit control block 54. Therefore, a processing of 
conversion of multilevel -value data into binary data is 
unnecessary. 

Then, in Step S10, the CPU 41 determines whether or not 
the processing operations of Steps S6 through S9 have been 
completed for all the rasters in each page. If determination 
falls that the processing operations have not been completed 
(S10: NO), the routine returns to Step S6 to repeat the above 
described processing operations. If, on the other hand, de- 
termination falls that the processing operations have been 
completed (Sll: YES), a color image is formed on the sheet of 
paper 7 by way of the above -described process. 

In the above described embodiment the judgment process- 
ing in Step S6 and data decompression processing in Step S7 
are synchronized with the rotating operation of the polygon 
mirror and the processing of data transfer to the laser units 
8. However, Steps S6 and S6 for data decompression can be per- 
formed without being synchronized with the polygon mirror ro- 
tating operation. In the latter case, it is only necessary 
that the image data and decompressed image data those provi- 
sionally judged on raster by raster basis are temporarily 
stored in the memory controller 51, and the stored image data 
are transferred in synchronism with the operation of each la- 
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ser unit 8 based on the instruction from the CPU 41. 

Thus, according to the first embodiment, it is possible 
to avoid compressing image data that involve only short raster 
lengths and hence do not need to be compressed in view of the 
ability of transferring data from the RAM 44 to the ASIC 42, 
because the necessary of image data compression is judged on a 
basis of the image data themselves and the data transferring 
ability from the RAM 44 to the ASIC 42, Thus, it is possible 
to prevent a heavy load from being imparted on the CPU 41 that 
is responsible for data compressing operations, and hence pos- 
sible drops of the processing speed of the laser printer 1 as 
a whole can be avoided. This advantage is particularly re- 
markable in this embodiment because it is not the ASIC 42 but 
the CPU 41 that is responsible for data compressing operations. 

Further, can be avoided situations where a coding table 
is prepared as a result of compression of image data that in- 
volve only short raster lengths to disadvantageously increase 
the volume of data. Furthermore, since image data involving 
long raster length are transferred from the RAM 44 to the ASIC 
42 while the data being compressed taking data transferring 
ability from the RAM 44 to the ASIC 42 into consideration, the 
embodiment can perform high speed printing operations without 
giving rise to overloaded situations of the laser printer or 
raising the cost of improving the ability of transferring data 
from the RAM 44 to the ASIC 42. In this way, in this embodi- 



ment, the CPU 41 functions as compression means and, even if 
the image forming device is designed to have a relatively low 
data transferring ability from the RAM 44 to the ASIC 42 in 
order to reduce the cost, the processing speed of the laser 
5 printer 1 as a whole is prevented from being reduced when the 

image data to be used for printing involve only short raster 
lengths, while it is also possible to realize high speed 
printing, using compressed image data that involve long raster 
lengths . 

10 Further, in the laser printer 1 of this embodiment, 

printing data are expressed in the page describing language 
and image data are raster data. Therefore, this embodiment is 
highly available for processing image data on a page by page 
basis. Furthermore, necessity of data compression is judged 

15 by comparing a reference value that represents the data 

transferring ability from the RAM 44 to the ASIC 42 with the 
greatest raster length of all the rasters constituting the im- 
age data of a page. Therefore, the laser printer 1 of this 
embodiment suitably determines the necessity of compression. 

20 Still additionally, as described above, the greatest raster 

length of all the rasters constituting the image data of a 
page to be printed is compared with the reference value. Con- 
sequently, preliminary print processing operation can be per- 
formed at high speed, because it is no longer necessary to de- 

25 termine the necessity of compression on the basis of each 
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raster length of each raster of the image data. Furthermore, 
the control process is performed on a page by page basis, and 
therefore, efficient processing can result. 

Further, in this embodiment, necessity of compressing 
image data is determined by comparing a reference value that 
represents the data transferring ability from the RAM 44 to 
the ASIC 42 with the greatest raster length among all the 
rasters constituting the image data of a page. Thus, the de- 
termination can be made simply and easily. Particularly, 
since the reference value is a fixed length that is smaller 
than the largest printing width of the laser engines, the 
processing operation for the comparison can be performed 
quickly. In this embodiment, the fixed length is made equal 
to the 80% value of the largest printing width of the laser 
printer 1, taking the possible data reduction ratio with the 
compression into consideration. In other words, suppression 
of reduction of the processing speed and high speed printing 
are balanced optimally. Note, however, that the value of 
"80%" can be modified to a level ranging between 70% and 90% 
taking the function of the printing speed and the characteris- 
tics of the image data to be used into consideration. 

Furthermore, only the image data that need to be com- 
pressed are compressed and decompressed, and then the data are 
transferred from the laser unit control block 54 to each laser 
units 8 simultaneously. Therefore, image data transfer can be 
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performed efficiently to realize high speed printing. 

Furthermore, since image data are transferred from the 
laser unit control block 54 to the laser units 8 on a raster 
by raster basis in synchronism with the scanning operations of 
the laser units 8, image data are supplied to the laser unit 
control block 54 on a stable basis. Accordingly, the operation 
of supplying data from the laser unit control block 54 to the 
laser units 8 is also stable and hence high definition images 
can be formed quickly by means of the laser scanner unit . 

Further, the CPU 41 can adopt any of the above described 
various compression techniques that matches the data format to 
be used for printing. As a result, the processing efficiency 
of the entire printer can be improved. Further, image data are 
generated as color data so that it is possible to form color 
images while exploiting the above identified advantages. 

As a modification to the first embodiment, instead of 
the fixed reference value in Step S3, available is a reference 
value that corresponds to the largest data volume that can be 
transferred from the RAM 44 without compressing the image data 
within the one raster printing time period determined by the 
function of the requested printing speed and the resolution of 
laser units 8. With such an arrangement, necessity of data 
compression can be more suitably determined, because a change 
in the largest transferable data volume due to a change in the 
time period necessary for forming an image for one raster de- 
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termined by the requested printing speed and the resolution of 
the printing engine is taken into consideration. 

Now, the general formula for computing the reference 
value for the purpose of this modified embodiment will be de- 
5 scribed below. Assume that, in the description below, the 

width and the length of a sheet of paper to be used for print- 
ing are Lh (in.), Lv (in.), the printing speed is Vp (ppm: 
pages/min) and the gap separating two consecutive sheets of 
paper in a continuous printing operation is Lg (in.), while 

10 the resolution is De (dpi: dots/in.), the bus cycle of the RAM 

is Tb (sec) and the bus width of the RAM is Bw (bits), and the 
gradation value of image data is Bg (bits). 

In this case, when the time period required for printing 
one sheet of paper is Tp (sec) = 60/Vp, the sheet conveying 

15 speed Vf (in. /sec) is expressed by (Lv + Lg)/Tp. Further, the 

time period necessary for moving the sheet of paper by a dis- 
tance of one line Tl is equal to (1/De)in./Vf in. /sec. This 
time period is equal to the time period during which the one 
line data are transferred. In this way, the one raster print - 

20 ing time period is determined with the function of the print- 

ing speed Vp and the resolution De. On the other hand, if the 
number of times by which the RAM can be accessed within the 
time Tl is Nr (= Tl/Tb), the data volume Bl (bit) that can be 
read from the RAM within the time period Tl is expressed by Bl 

25 = Nr * Bw. Therefore, the raster length Lr (in.) that is used 
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as reference value that corresponds to the data volume trans- 
ferable from the RAM within the time period Tl without com- 
pression is expressed by Lr = Bl/(Bg * De). 

The modified embodiment will be described in more detail 
5 assuming that a letter- size sheet of paper (8.5 in. in width x 

11 in. in length) is to be used for a printing operation with 
a requested (initial) printing speed of 32 ppm (page/min) . 

First, in view of the requested printing speed of 32 ppm, 
one page printing must be performed at a speed of 60 sec/ 32 

10 ppm = 1.875 sec. If the gap separating two consecutive sheets 

of paper is 4 in. in a continuous printing operation, sheets 
of paper needs to be moved at a rate of (11 in. + 4 in.) / 
1.875 sec = 8 in. /sec. If the resolution is 600 dpi 
(dots/in.), it takes (1/600) in. /8 in. /sec = 208.3isec to 

15 move a sheet of paper for one printing line (for one raster). 

In other words, image data need to be sent to the laser units 
8 at a cycle of 208.3 isec. 

If, for example, RAM 44 has bus cycle of 100 nsec, the 
number of times of data transfer from the RAM 44 within 208.3 

20 isec. will be 208.3 isec / 100 nsec = 2083. Therefore, if the 

bus width of the RAM 44 is 16 bits, 2083 * 16 bits = 33,328 
bits can be transferred from the RAM 44 to the ASIC 42 within 
208.3 isec. 

When this transferable data amount is converted to the 
25 raster length, 33,328 bits/ (8 bit * 600 dpi) = 6.94 in. is ob- 
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tained provided that data gradation level is 8 bit. Therefore, 
it is determined that the image data of a page whose greatest 
raster length exceeds 6.94 inches will be compressed. Thus, 
with this modified embodiment, necessity of data compression 
can be suitably determined upon consideration of variation in 
maximum data amount , this variation being dependent on varia- 
tion in one raster printing speed changable with the function 
of the requested printing speed and the resolution of the la- 
ser units 8. 

If the data volume (the number of bits) of each raster 
of image data have already been recognized, necessity of com- 
pression can be determined by a comparison of the number of 
bits of the raster having the greatest raster length with the 
above -described transferable data volume (33,328 bits). In the 
latter case, the processing for reducing or converting to the 
raster length becomes unnecessary. In this way, modification 
to the first embodiment can be made through a comparison using 
the raster length as well as using a value relating to the 
raster length, such as the number of dots and the number of 
bits. 

Another modification to the first embodiment will next 
be described. In the first embodiment, necessity of image 
data compression is determined on a page by page basis, and 
the greatest raster length of all the rasters constituting the 
image data of the page is compared with the 80% value of the 
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largest printing width. On the other hand, in this modified 
embodiment, each raster length of each raster constituting the 
image data is compared with the 80% value of the largest 
printing width and, if there is a raster whose raster length 
exceeds the 80% value of the largest printing width, the image 
data for the one page are determined to be compressed. In the 
latter case, the raster length of each of the rasters consti- 
tuting the image data can be compared with the 80% value of 
the largest printing width with respect to all rasters in the 
page. Alternatively, the operation of comparing each raster 
length with the 80% value of the largest printing width can be 
performed sequentially and the operation can be terminated 
when a raster whose raster length exceeds the 80% value is 
found. While the average number of times of repeating the 
comparing operation is greater in this modified embodiment 
than in the above described embodiment, this modified embodi- 
ment provides all the remaining advantages same as those of 
the above -described embodiment. Additionally, with this modi- 
fied embodiment, selection of the raster having the greatest 
raster length in each page becomes unnecessary* 

A laser printer according to a second embodiment of the 
present invention will next be described. Since the mechanical 
structure of the laser printer of this embodiment is approxi- 
mately the same as the laser printer 1 of the first embodiment, 
it will not be described in detail any further. The compo- 
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nents of the laser printer of the second embodiment that cor- 
respond to their counterparts of the laser printer of the 
first embodiment are denoted respectively by the same refer- 
ence numerals and characters. 
5 The laser printer according to the second embodiment 

differs from the first embodiment in terms of the process of 
compression determining process and compression process. In 
the first embodiment, necessity of compression is determined 
by comparing the greatest raster length of all the rasters 

10 constituting the image data with the reference value, and the 

all image data constituting the page which contains the raster 
whose raster length exceeds the reference value are compressed 
on page by page basis. By contrast, in the second embodiment, 
each raster length of each raster of image data is compared 

15 with the reference value, and necessity of compression is de- 

termined on a raster by raster basis. 

Next, the operation of the laser printer according to 
the second embodiment will be described by referring to the 
flowchart of FIG. 6. First, in Step S21, printing data are 

20 transmitted from the host computer to the main substrate 22 by 

way of the parallel I/F 22a. Then, the printing data are 
given to the ASIC 42 and stored in the RAM 44 by the memory 
controller 51. 

Then, in Step S22, the printing data stored in the RAM 
25 44 are developed into image data of a raster data format. 



29 



More specifically, the CPU 41 sequentially reads the printing 
data stored in the RAM 44 and develops the printing data of a 
page into intermediate codes that are divided into a plurality 
of bands. The intermediate codes obtained by the developing 
operation are then sequentially stored in the RAM 44. As the 
intermediate codes of a page have been stored in the RAM 44, 
the CPU 41 reads the intermediate codes stored in the RAM 44 
and develops them into image data of a raster data (bit map) 
format by means of a band processing operation. For instance, 
intermediate codes are developed into multilevel -value image 
data (dot data) such as 8 -bit data. 

Subsequently, in Step S23, the CPU 41 determines whether 
or not each raster length of each raster constituting the im- 
age data and stored in the RAM 44 exceeds the reference value 
indicative of the data transfer performance (80% of the larg- 
est printing width) . 

If determination falls the raster length exceeds 80% 
value of the largest printing width (S23: NO), the routine 
proceeds to Step S24 where the raster data relating to the 
raster used for the judgment of Step S23 are compressed by the 
CPU 41 using the above described compression technique. Then, 
in Step S25, the compressed image data of the one raster are 
stored in the RAM 44 as spool data. On the other hand, if the 
one raster length does not exceed the 80% value of the largest 
printing width as a result of judgment in S23 (S23: YES), the 
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routine skips Step S24 and moves to Step S25 where the non- 
compressed image data of the one raster are stored in the RAM 
44 as spool data. 

Then, in Step S26, the CPU 41 determines whether or not 
5 the processing operations of Steps S23 through S25 have been 

completed for all the rasters of the image data to be printed. 
If determination falls that the processing operations have not 
been completed (S26: NO), the routine returns to Step S23 to 
repeat the above described processing operations. If, on the 
10 other hand, determination falls that the processing operations 

have been completed (S26: YES), the routine proceeds into Step 
S27. 

In Step S27, the CPU 41 generates a command signal for 
conveying the sheet of paper 7 at a predetermined conveying 

15 speed that corresponds to the predetermined printing speed, 

and outputs the command signal to the engine substrate 23. At 
the same time, the CPU 41 outputs an instruction to the engine 
substrate 23 for driving the polygon motor 17 at a rotary 
speed that corresponds to the printing speed. 

20 Subsequently, in Step S27, when a sheet edge sensor (not 

shown) detects that the sheet of paper 7 reaches the print 
start position, the CPU 41 reads the image data stored in the 
RAM 44 on a raster by raster basis in synchronism with the ro- 
tary motion of the polygon mirror and transmits every raster 

25 data into the ASIC 42. Each one raster image data transmitted 
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in the ASIC 42 is subjected to Judgment by the memory control- 
ler 51 as to whether the raster data are compressed image data 
or non-compressed image data. 

If the judgment falls that the raster data are com- 
pressed image data (S27: YES), the compressed image data are 
output to the decompressing block 53. Then, in Step S28, the 
compressed image data of one raster are decompressed by the 
decompressing block 53. Thus, the original image data are re- 
stored and output to the laser unit controller block 54. 

On the other hand, if the judgment falls that the raster 
data are non- compressed image data (S27: NO), the non- 
compressed image data are output from the memory controller 51 
to the laser unit control block 54 and the routine skips Step 

528 and proceeds to Step S29. 

The image data given to the laser unit control block 54 
are then transferred from the laser unit control block 54 to 
each of the laser units 8 on a raster by raster basis in Step 

529 in synchronism with the rotation of the polygon mirror. 
Then, in Step S30, the laser beams whose respective intensi- 
ties are modulated based on the image data are emitted from 
the laser beam source 16 so that the photosensitive drums 2, 3, 
4 and 5 are exposed to the respective laser beams to form one 
raster electrostatic latent image. 

Then, in Step S31, the CPU 41 determines whether or not 
the processing operations of Steps S27 through S30 have been 
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completed for all the rasters in each page. If determination 
falls that the processing operations have not been completed 
(S31: NO) , the routine returns to Step S27 to repeat the above 
described processing operations. If, on the other hand, de- 
5 termination falls that the processing operations have been 

completed (S31: YES), a color image is formed on the sheet of 
paper 7 by way of the above -described process. 

In this way, in the second embodiment, image data are 
not compressed on a page by page basis but compressed on a 

10 raster by raster basis. In other words, unlike the first em- 

bodiment, the second embodiment can obviate a situation where 
short rasters contained in a page are also compressed when the 
greatest raster length of the page exceeds the 80% value of 
the largest printing width. Thus, the necessity of image data 

15 compression and actual compression can be made more delicately, 

and therefore, the risk of reducing the processing speed of 
the laser printer can be suppressed effectively. Further, the 
second embodiment provides the remaining advantages the same 
as those of the first embodiment. 

20 While the invention has been described in detail and 

with reference to the specific embodiments thereof, it would 
be apparent to those skilled in the art that various changes 
and modifications may be made therein without departing from 
the sprit and scope of the invention. For example, while 

25 color laser printers are embodied in the above-described em- 
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bodiments , the present Invention is also available for mono- 
chromatic printers. Further, the color printer are not lim- 
ited to the tandem type printer. Moreover, the present inven- 
tion is also applicable to printers that do not employ laser 
engines as recording engines image, and the present invention 
can be applied to various image forming device such as a fac- 
simile and a copying machine. 

Beside, the necessity of compression can be made on the 
basis of the attributes of image data other than the raster 
length of each of the rasters constituting the image data, and 
on the basis of data transferring performance from the memory 
means to the transfer means. Furthermore, the ASIC 42 ar- 
ranged on the main substrate 22 may not be a requisite element 
if the CPU 41 takes decompressing function instead of the ASIC 
42. Finally, the necessity of data compression can be made 
neither on a page by page basis nor on a raster by raster ba- 
sis but on the basis of some other unit. 



